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(57) Abstract 

A dilatation balloon having at least one helical groove disposed in at least a portion of the dilating surface of the dilatation balloon 
is mounted on the distal end of a catheter shaft. Multiple helical grooves may be provided in the dilatation balloon extending parallel to 
each other or opposite to each other in the dilating surface. Each helical groove has a pitch, width and depth. According to one aspect of 
the invention, the pitch, width and depth of the helical groove, as well as the number of grooves, are selected to allow perfusion of blood 
past the dilatation catheter when the dilatation balloon is inflated in a blood vessel. According to another aspect of the invention, the pitch, 
width, and depth of the helical groove, as well as the number of grooves, are selected so that the dilatation balloon conforms to a tortuous 
blood vessel and does not straighten the blood vessel during dilation. According to another aspect of the invention, the pitch, width, and 
depth of the helical groove, as well as the number of grooves, are selected to control the diametrical compliance of the dilatation balloon. 
The pitch, width, and depth of the helical groove may be selected to provide both conformance to the shape of tortuous blood vessels and 
diametrical compliance. The helical groove also permits the dilatation balloon to deflate without "winging", i.e., forming undesirable flat 
folds that extend outward from the rest of the catheter. 
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HELICALLY GROOVED BALLOON FOR DILATATION CATHETER 

FIELD OF THE INVENTION 

The present invention relates generally to a 
dilatation catheter having a dilatation balloon 
mounted on the distal end of the catheter. The 
balloon enables perfusion past the balloon, 
flexibility through circuitous blood vessels, and 
control of balloon diameter as a function of inflation 
pressure. 

BACKGROUND OF THE INVENTION 

Most balloons used in dilatation catheters are 
designed to provide a uniform and controllable 
diameter over the length of the balloon. Typically, 
the dilatation balloon does not conform to the curved 
shape of a blood vessel during inflation of the 
balloon. The body of the balloon becomes straight and 
rigid as the balloon is inflated under pressure of an 
inflation liquid introduced through an inflation lumen 
communicating between the balloon and the proximal end 
of the catheter. Consequently, when inflated, the 
balloon tends to straighten the blood vessel at the 
site of the lesion. That is not desirable because the 
dilatation balloon may not effectively open the blood 
vessel or may cause additional damage to the blood 
vessel walls as a result of the straightening. 

Additionally, when inflated, the dilatation 
balloon blocks blood flow through the blood vessel, 
thus limiting the length of time that the blood vessel 
may be dilated before chest pain requires the 
dilatation balloon to be deflated. Longer dilation 
times are desirable because conditions such as 
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restenosis may tend to occur less frequently when 
longer dilation times are used. 

Upon deflation, a dilatation balloon may contract 
in a manner that forms "wings." That is, rather than 
maintaining a circular cross-section upon deflation, 
the dilatation balloon deflates to form flat portions 
called wings that extend radially outward from the 
balloon. This so-called "winging" phenomenon is 
undesirable because it results in a larger crossing 
profile when locating the balloon in a stenosis. 

Some dilatation balloons are designed to have 
diametrical compliance, that is, a change in diameter 
of the dilatation balloon as a function of inflation 
pressure. Dilatation balloon materials and designs 
are generally chosen to provide linear diametrical 
compliance, that is, a linear relationship between 
dilatation balloon diameter and inflation pressure. 
Typically, diametrical compliance is achieved by 
selecting a material for the balloon that stretches 
upon application of inflation pressure. However, 
conventional compliant dilatation balloons have no 
maximum size limitation and as a result increased 
inflation pressures cause the balloon to keep 
expanding, thereby risking injury to the blood vessel 
if overinf lated . 

It would be desirable, therefore, to provide 
dilatation balloons that avoid the foregoing 
difficulties . 

SUMMARY OF THE INVENTION 

The invention overcomes the disadvantages of the 
prior art by providing perfusion of blood past the 
dilatation catheter and avoidance of straightening of 
the blood vessel when the dilatation balloon is 
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inflated. In addition, the diametrical compliance can 
be controlled and the dilatation balloon can be 
deflated without winging. The invention provides a 
dilatation catheter including a catheter shaft having 
a dilatation balloon mounted on the distal end of the 
shaft including at least one helical groove disposed 
in at least a portion of the dilating surface of the 
dilatation balloon. Multiple helical grooves may be 
provided in the dilatation balloon extending parallel 
to each other or opposite to each other in the 
dilating surface. 

Each helical groove has a pitch, width, and 
depth. In one aspect of the invention the pitch, 
width, depth, as well as the number of grooves, are 
selected to allow perfusion of blood past the balloon 
when the balloon is inflated in a blood vessel. In 
another aspect of the invention the pitch, width and 
depth of the groove, as well as the number of grooves, 
are selected so that the balloon is flexible 
longitudinally, even when inflated, so that it can 
conform to the curves in a blood vessel, to allow the 
blood vessel to retain most of its natural curvature 
during dilatation. In another aspect of the invention 
the pitch, width and depth of the helical groove, as 
well as the number of grooves, are chosen such that 
the diametrical compliance of the dilatation balloon 
can be controlled. 

The helical groove also permits the dilatation 
balloon to deflate without "winging-" , i.e. forming 
undesirable flat folds that extend outward from the 
rest of the catheter. 

The helical groove may extend over only a portion 
of the dilatation balloon to create zones of 
compliance (where the groove is located) and zones of 
non-compliance (where the groove is not located) . 
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In addition, the pitch, width and depth of the 
helical groove may vary over the dilating surface of 
the dilatation balloon. If multiple helical grooves 
are provided, the pitch, width and depth of each 
groove may vary over the dilating surface of the 
dilatation balloon. 

By using a material such as polyethylene 
terephthalate (PET), the diametrical compliance of the 
dilatation balloon is a linear function of inflation 
pressure up to a predetermined maximum balloon 
diameter. Even if inflation pressure is increased, 
the diameter of the dilatation balloon does not 
significantly increase above the maximum diameter. 

The pitch, width and depth of the helical groove, 
as well as the number of grooves, may be selected to 
provide both conformance to the shape of circuitous 
blood vessels and diametrical compliance. 

An object of the present invention is to provide 
an improved dilatation catheter balloon having a 
helical groove that allows the balloon to conform to 
the natural shape of tortuous blood vessels and avoids 
straightening the blood vessel during dilatation, 

Another object of the present invention is to 
provide a dilatation catheter balloon that allows 
blood to perfuse past the balloon during dilation, to 
allow for longer dilation times. 

Still another object of the present invention is 
to provide a dilatation catheter balloon that has 
linear diametrical compliance up to a predetermined 
maximum dilatation balloon diameter and no further 
diametrical compliance above the maximum diameter. 

The features and advantages of the invention will 
be more readily understood from the following detailed 
description of the invention, which should be read in 
conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, in which like elements have been 
given like reference characters, 

FIG. 1 illustrates a dilatation balloon of the 
present invention incorporating a single helical 
groove; 

FIG. 2 illustrates the dilatation balloon of FIG. 
l in place in a curved blood vessel showing how the 
dilatation balloon conforms to the shape of the blood 
vessel; 

FIG. 3 illustrates a dilatation catheter of the 
present invention having multiple helical grooves 
extending parallel to each other; 

FIG. 4 illustrates a dilatation balloon of the 
present invention incorporating criss-crossed helical 
grooves extending in opposite directions; 

FIGS. 5A and 5B illustrate a dilatation balloon of 
the present invention having a high degree of 
diametrical compliance; 

FIG. 6 is a graph illustrating the relationship 
between pitch, width and depth of the helical groove, 
the number of helical grooves, and the degree of 
diametrical compliance imparted to the dilatation 
balloon; 

FIGS. 6A, 6B, 6C, 6D illustrate, in cross-section, 
the manner in which helical grooves provide 
diametrical compliance; and 

FIG. 7A and 7B illustrate dilatation balloons 
similar to FIGS. 1 and 5 except that the helical 
groove extends over only a portion of the dilating 
surface of the dilatation balloon. 
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DETAILED DESCRIPTION 

FIG. 1 illustrates a dilatation catheter 10 
including a dilatation balloon 12 mounted on the 
distal end of a catheter shaft 14. A helical groove 
16 extends the length of the balloon, preferably from 
a cone 18 to a cone 20. The groove 16 may extend into 
the cones 18 and 20. The helical groove 16 reduces 
the diameter of the dilatation balloon 12 in the 
grooved area and interrupts the diameter of a dilating 
surface 28 along the length of the balloon 12. The 
helical groove 16 is defined by a pitch, a width and a 
depth. The pitch refers to the longitudinal spacing 
22 of the coils of the helical groove 16 in the 
dilating surface 28 of the dilatation balloon 12. The 
width refers to the distance 24 that the groove 16 
interrupts the dilating surface 28. The depth 26 
refers to how deeply the groove extends below the 
dilating surface 28 of the balloon 12. The helical 
groove 16 acts as a hinge, allowing the balloon 12 to 
bend and flex at any point along the length of the 
balloon regardless of inflation pressure. When 
dilating a lesion, the dilatation balloon 12 tends to 
conform to the natural curves of the blood vessel. 

FIG. 2 illustrates the dilatation balloon 12 of 
FIG. 1 in place in a curved blood vessel 32. The 
catheter has been advanced to a point where the 
balloon 12 has crossed a stenosis or lesion 30. As 
illustrated in FIG. 2, the dilatation balloon 12 
conforms to the shape of the blood vessel 32. As 
dilatation balloon 12 expands, the blood vessel 32 is 
also dilated with minimal straightening of the blood 
vessel due to the flexibility imparted by the helical 
groove 16. 
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FIG, 3 illustrates multiple helical grooves in 
dilatation balloon 12. In FIG. 3, two grooves, 16, 
16A are illustrated. The grooves extend generally 
parallel to each other in the same direction 
longitudinally in the dilating surface 28 of the 
balloon 12. Where the helical grooves are spaced 
closer together along the longitudinal direction of 
the catheter as in regions 34 , the dilatation balloon 
12 is more flexible than in the regions 36 where the 
grooves are spaced further apart. 

FIG. 4 illustrates a dilatation balloon 12 having 
multiple helical grooves wherein the multiple helical 
grooves 16, 16B extend generally opposite to one 
another in a criss-crossed fashion. The criss-crossed 
grooves help to reduce twisting of the dilatation 
balloon during inflation or deflation. 

The helical groove not only allows the balloon to 
bend and flex at any region of the balloon, but also 
permits blood to perfuse downstream of the balloon 
during dilatation. Thus, the dilatation time during 
an angioplasty procedure can be increased because 
blood flow is maintained during dilatation. When used 
as a perfusion catheter, the helical groove should 
extend into each end portion cone 18, 20 to allow 
blood to perfuse through groove 16 past dilatation 
balloon 12. To increase the balloon's perfusion 
capability, the depth, width, and number of grooves 
may be increased. 

The present invention also overcomes the very 
significant problem of "winging" that occurs with most 
conventional dilatation balloons. "Winging" refers to 
the formation of undesirable flat folds (wings), which 
extend outward from the rest of the catheter. 

The helical groove permits the dilatation balloon 
12 to deflate without winging. During deflation, the 
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helical groove resists the tendency of the balloon to 
flatten and instead the balloon folds down tightly 
along the catheter body, resulting in a lower deflated 
profile. This allows the dilatation balloon 12 to be 
placed or pass through a stenosis that may prevent 
passage of a conventional balloon, The tendency to 
reduce winging is characteristic of all embodiments of 
the invention. 

In another aspect of the invention, the helical 
groove may be used to impart diametrical compliance to 
the dilatation balloon 12. As illustrated in FIGS. 
5A, 5B, by forming a number of small grooves 40 that 
wind tightly around the dilating surface of the 
balloon, the balloon can be made to be diametrically 
compliant wherein the inflated diameter of the 
dilatation balloon is a linear function of the 
inflation pressure. This aspect of the present 
invention is particularly advantageous when the 
dilatation balloon is constructed from a material such 
as polyethylene terephthalate (PET) or various 
nylons. PET is widely used as a material for 
dilatation catheter balloons because, depending upon 
the particular balloon mold used, there is a 
predetermined maximum diameter that the inflated 
balloon will attain. Further increases in the 
inflation pressure of the inflation fluid will not 
produce an increase in dilatation balloon diameter. 
However, PET is relatively non-compliant and a PET 
balloon does not exhibit diametrical compliance (that 
is, the maximum diameter of the dilatation balloon 
does not change significantly with changes in 
inflation pressure). In addition, the inflated 
diameter is not a linear function of inflation 
pressure. However, with the addition of one or more 
helical grooves in accordance with the present 
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invention, a PET dilatation balloon becomes a "limited 
compliance balloon/* meaning that it has diametrical 
compliance until a predetermined maximum diameter is 
reached and further increases in inflation pressure do 
not increase the inflated balloon diameter. The 
concept of controlled compliance will be better 
understood with reference to FIG. 6. 

In other embodiments, a number of small grooves 
disposed in a criss-crossed manner such as illustrated 
in FIG. 4 or in a parallel manner such as illustrated 
in FIG. 3 may be used to impart diametrical compliance 
or to construct a limited compliance balloon. 

As illustrated in FIG. 6, when helical grooves 
such as illustrated in FIG. 5 are incorporated into a 
dilaration balloon constructed of substantially 
non-compliant material, such as PET, the balloon 
exhibits diametrical compliance up until a 
predetermined limiting or maximum diameter is 
reached. Inflation pressures above the level at which 
the limiting diameter is reached will not cause an 
increase in the diameter of the dilatation balloon. 
The dilatation balloon of the present invention has a 
linear diametrical compliance as illustrated by 
portions 50, 52, and 54 of respective curves 56, 58, 
and 60. Above a predetermined maximum diameter 
(points 62, 64, 66, respectively), increases in 
inflation pressure do not increase balloon diameter as 
illustrated by portions 68, 70, and 72 of curves 56, 
58, and 60 respectively. As shown in FIG. 6, at arrow 
69 increasing the pitch or depth of the helical groove 
or the number of helical grooves increases the 
diametrical compliance of the dilatation balloon, and 
vice versa. In addition, decreasing the width of the 
helical groove increases the diametrical compliance 
and vice versa. Thus, any degree of diametrical com 
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pliance and any limiting diameter within the working 
range of the balloon material may be obtained by 
choosing the proper combination of pitch, depth, width 
of the groove and the number of grooves in the surface 
of the dilatation balloon. 

FIGS. 6A-6B illustrate how the helical grooves in 
the dilatation balloon 12 provide limited or 
controlled diametrical compliance, FIG. 6A 
illustrates, in cross-section, the dilatation balloon 
having a number of helical grooves 40 in the dilating 
surface 28. In FIG. 6A, the dilatation balloon 12 is 
in an uninflated or low pressure state. As inflation 
pressure is increased, the helical grooves 40 begin to 
gradually disappear as illustrated in FIGS. 6B and 
SC. In FIG. 6D, dilatation balloon 12 is fully 
inflated and further increases in inflation pressure 
do not increase the diameter of the dilatation 
balloon. FIGS. 6A-6C represent diametrical compliance 
along the portions 50, 52, and 54 of curves 56, 58, 
and 60, respectively. FIG. 6D represents the diameter 
of the dilatation balloon at points 62, 64, or 66 of 
curves 56, 58, and 60, respectively. Beyond these 
points, as illustrated in FIG. 6, an increase in 
inflation pressure does not substantially increase the 
diameter of the dilatation balloon. 

The addition of one or more helical grooves in 
accordance with the present invention makes the 
non-compliant PET or nylon balloon material perform 
like a compliant material, but with an upper limit on 
its size. This offers the clinical advantage of 
adjustable diameter without the risk of over-sizing or 
rupturing at high pressures. 

Use of a helical groove in a non-compliant 
material has been described, but the invention is not 
so limited. A helical groove could also be used to 
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further control diametrical compliance in a dilatation 
balloon constructed of compliant material. In this 
case, the helical groove provides another dimension of 
control and the resulting diametrical compliance is a 
function of both the chosen material and the groove 
design. 

As illustrated in FIGS. 7A and 7B, the helical 
groove may be provided in only a portion of the 
dilating surface of the dilatation balloon. As 
illustrated in FIG. 7A, helical groove 16 extends only 
over portion 74 of the dilatation balloon 12. This 
single, relatively large helical groove allows the 
dilatation balloon 12 to conform to the shape of a 
circuitous blood vessel only in region 74. 

In FIG. IB, a number of small, relatively low 
pitch helical grooves aie formed in the dilating 
surface 28 of the dilatation balloon 12 only in region 
76. Consequently, region 76 will provide a limited 
compliance type region whereas the remainder of the 
dilatation balloon 12 will provide essentially no 
diametrical compliance. 

Dilatation balloons may be provided with helical 
grooves in multiple portions of the balloon 
longitudinally separated from one another to create 
zones of conformance/compliance. By varying the 
pitch, depth, and width of each helical groove as well 
as the number of helical grooves in zones 74, 76, a 
dilatation balloon can be constructed having zones 
that provide a combination of conformance and 
compliance depending upon overall catheter performance 
desired. 

The present invention can be made using 
conventional blow molding techniques such as described 
in U.S. Patent No. 4,490,421, which is incorporated 
herein by reference. According to one aspect of the 
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present invention, dilatation balloons can be 
constructed to readily conform to curved blood vessels 
and perfuse blood past the dilatation balloon during 
dilation. For example, to create a perfusion balloon 
a single helical groove at a 45° pitch angle may be 
used in a balloon having a maximum diameter of 3mm. 
The groove may be one millimeter deep, have a radius 
of 0.5 mm at the bottom and provide a 60° included 
angle from the bottom of the groove to the dilation 
surface. According to another aspect of the present 
invention, a degree of diametrical compliance can be 
provided in a dilatation balloon constructed of a 
non-compliant material to provide a limited compliance 
dilatation balloon. A compliant balloon may be 
provided in a dilatation balloon having a maxi um 
diameter of 3mm by providing a number of helical 
grooves each having a 45° pitch angle. Each of the 
helical grooves is longitudinally separated from one 
another by approximately 0.005 inches. The grooves 
may be 0.005 inches wide by 0.005 inches deep. These 
grooves give the balloon a corrugated look. The 
grooves may be run in the opposite direction as well 
in a criss-crossed type fashion. According to another 
aspect of the present invention, these two features 
can be combined by choosing the pitch, width, and 
depth of the helical groove as well as the number of 
helical grooves to provide a dilatation balloon that 
has a combination of conformance capability and 
diametrical compliance with an upper limit to the 
balloon diameter. 

One particular advantage of the present invention, 
in one embodiment, is that it provides approximately 
80% of the dilatation surface of a conventional 
straight dilatation balloon. By contrast, prior art 
conforming type balloons such as those shown in U.S. 
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Patent No. 4,983,167 use discrete balloons spaced 
longitudinally adjacent on the catheter shaft or a 
single balloon having regions of restricted diameter 
alternating with regions capable of producing radial 
dilating forces. These types of balloons provide only 
approximately 30% of the dilating surface of a 
conventional straight dilatation balloon. The 
relatively low and non-continuous dilating surface of 
prior art balloons may not produce a smooth luminal 
surface when dilating a lesion or stenosis in a bend 
in the blood vessel. By contrast, the present 
invention, with its much higher total dilating surface 
tends to produce smoother and more uniform dilation of 
the blood vessel lumen. 

We have found that a helical groove in the 
dilatation surface of the dilatation balloon is the 
best way of achieving all of the advantages of the 
present invention. A helical groove provides uniform 
"hoop stress" around the perimeter of the fully 
inflated dilatation balloon. Hoop stress refers to 
the tangentially directed force created by the 
pressure and directed by the helical groove that 
maintains the circular cross-section of the balloon 
during inflation. The hoop stress controls the 
diameter of the dilatation balloon so that inflation 
pressure inside the balloon results in a uniform 
balloon diameter over the dilatation surface for any 
given inflation pressure. 

The invention thus provides perfusion of blood 
past the dilatation balloon and avoidance of 
straightening of the blood vessel when the dilatation 
balloon is inflated. In addition, the present 
invention allows diametrical compliance to be 
controlled and designed into the dilatation balloon. 
Another advantage is that the use of one or more 
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helical grooves allows the dilatation balloon to be 
deflated without winging. 

It should be understood that the foregoing 
description of the invention is intended merely to be 
illustrative thereof and that other embodiments, 
modifications and equivalents may be apparent to those 
skilled in the art without departing from its spirit. 

Having thus described the invention what we desire 
to claim and secure by letters patent is: 
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CLAIMS 

1- A dilatation catheter, comprising: 

a catheter shaft having a distal end; and 
a dilatation balloon, mounted on the distal end of 

the catheter shaft, the dilatation balloon being 

adapted to fill a lumen of a blood vessel when 

inflated; 

the dilatation balloon having a dilating surface 
including at least one helical groove disposed in at 
least a portion of the dilating surface of the 
dilatation balloon wherein the at least one helical 
groove includes at least one of a pitch, width, and 
depth selected to control a diametrical compliance of 
the dilatation balloon. 

2. The dilatation catheter of claim 1, wherein 
the at least one helical groove is disposed in at 
least one predetermined portion of the dilating 
surface of the dilatation balloon to provide a zone of 
diametrical compliance only in the predetermined 
portion. 

3. The dilatation catheter of claim 2, wherein 
the at least one helical groove is disposed in 
multiple predetermined separate portions of the 
dilating surface of the dilatation balloon to provide 
a respective zone of diametrical compliance in each 
predetermined separate portion. 

4. The dilatation catheter of claim 1, wherein 
the dilatation balloon has a maximum diameter and 
wherein increases in inflation pressure do not 
substantially increase the maximum diameter of the 
dilatation balloon. 
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5. The dilatation catheter of claim 4, wherein 
at diameters less than the maximum diameter, the 
diameter of the dilatation balloon is a linear 
function of inflation pressure. 

6. The dilatation catheter of any one of claims 
1-5, wherein increasing at least one of the pitch and 
depth of the at least one helical groove increases the 
diametrical compliance of the dilatation balloon and 
wherein decreasing at least one of the pitch and depth 
of the at least one helical groove decreases the 
diametrical compliance of the dilatation balloon. 

7. The dilatation catheter of any one of claims 
1-5, wherein decreasing the width of the at least one 
helical groove increases the diametrical compliance of 
the dilatation balloon and wherein increasing the 
width of the at least one helical groove decreases the 
diametrical compliance of the dilatation balloon. 

8. The dilatation catheter of any one of claims 
1-8, wherein the at least one helical groove includes 
multiple helical grooves. 

9. The dilatation catheter of claim 8, wherein 
increasing the number of helical grooves increases the 
diametrical compliance of the dilatation balloon and 
decreasing the number of helical grooves decreases the 
diametrical compliance of the dilatation balloon. 

10. The dilatation catheter of any one of claims 
8 or 9, wherein the multiple helical grooves extend 
parallel to each other in the dilating surface. 
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11- The dilatation catheter of any one of claims 

8 or 9, wherein the multiple helical grooves are not 
parallel to each other in the dilating surface. 

12. The dilatation catheter of any one of claims 
1-11, wherein the dilatation balloon is constructed of 
a material having substantially no diametrical 
compliance. 

13. The dilatation catheter of claim 12, wherein 
the material is polyethylene terephthalate . 

14. A method of dilating a blood vessel with a 
dilatation catheter, comprising the steps of: 

positioning a dilatation catheter in the blood 
vessel, the dilatation catheter having a dilatation 
balloon to fill a lumen of a blood vessel when 
inflated, the dilatation balloon having a dilating 
surface including at least. one helical groove disposed 
in at least a portion of a dilating surface of the 
dilatation balloon wherein the at least one helical 
groove includes at least one of a pitch, width, and 
depth selected to control a diametrical compliance of 
the dilatation balloon; and 

inflating the dilatation balloon to dilate the 
blood vessel . 

15. The method of claim 14, further comprising a 
step of varying a diameter of the dilatation balloon 
by varying a pressure of an inflation fluid in the 
dilatation balloon. 

16. The method of claim 15, wherein the diameter 
of the dilatation balloon varies as a linear function 
of the pressure. 
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17. The method of claim 16, wherein the 
dilatation balloon is constructed of a material having 
substantially no diametrical compliance. 

18. The method of claim 17, wherein the material 
is polyethylene terephthalate . 

19. The method of claim 16, wherein the 
dilatation balloon has a maximum diameter and wherein 
increases in inflation pressure do not substantially 
increase the maximum diameter of the dilatation 
balloon . 

20. A dilatation catheter balloon having a 
dilating surface, comprising: 

ar least one helical groove disposed in at least a 
portion of the dilating surface of the dilatation 
catheter balloon wherein the at least one helical 
groove includes at least one of a pitch, width and 
depth selected to control a diametrical compliance of 
the dilatation catheter balloon. 

21. The dilatation catheter balloon of claim 20, 
wherein the at least one helical groove is disposed in 
at least one predetermined portion of the dilating 
surface of the dilatation catheter balloon to provide 
a zone of diametrical compliance only in the 
predetermined portion. 

22. The dilatation catheter balloon of claim 21, 
wherein the at least one helical groove is disposed in 
multiple predetermined separate portions of the 
dilating surface of the dilatation catheter balloon to 
provide a respective zone of diametrical compliance in 
each predetermined separate portion. 
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23. The dilatation catheter balloon of claim 20, 
wherein the dilatation catheter balloon has a maximum 
diameter and wherein increases in inflation pressure 
do not substantially increase the maximum diameter of 
the dilatation catheter balloon. 

24. The dilatation catheter balloon of claim 23, 
wherein at diameters less than the maximum diameter, 
the diameter of the dilatation balloon is a linear 
function of inflation pressure. 

25. The dilatation catheter balloon of any one of 
claims 20-24, wherein increasing at least one of the 
pitch and depth of the at least one helical groove 
increases the diametrical compliance of the dilatation 
catheter balloon and wherein decreasing at least one 
of the pitch and depth of the at least helical groove 
decreases the diametrical compliance of the dilatation 
catheter balloon. 

26. The dilatation catheter balloon of any one of 
claims 20-24, wherein decreasing the width of the at 
least one helical groove increases the diametrical 
compliance of the dilatation catheter balloon and 
wherein increasing the width of the at least one 
helical groove decreases the diametrical compliance of 
the dilatation catheter balloon. 

27. The dilatation catheter balloon of any one of 
claims 20-26, wherein the at least one helical groove 
includes multiple helical grooves. 

28. The dilatation catheter balloon of claim 27, 
wherein increasing the number of helical grooves 
increases the diametrical compliance of the dilatation 
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catheter balloon and decreasing the number of helical 
grooves decreases the diametrical compliance of the 
dilatation catheter balloon. 

29. The dilatation catheter balloon of any one of 
claims 27-28, wherein the multiple helical grooves 
extend parallel to each other in the dilating surface. 

30. The dilatation catheter balloon of any one of 
claims 27-28, wherein the multiple helical grooves are 
not parallel to each other in the dilating surface. 

31. The dilatation catheter balloon of any one of 
claims 20-30, wherein the dilatation catheter balloon 
in constructed of a material having substantially no 
diametrical compliance . 

32. The dilatation catheter balloon of claim 31, 
wherein the material in polyethylene terephthalate . 

33. The dilatation catheter of any one of claims 
1, 14, or 20 wherein at least one of the pitch, width 
and depth of the at least one helical groove varies 
over the dilating surface of the dilatation balloon. 



WO 95/17223 



PCI7US94/14604 



1/4 




Fig. 2 

SUBSTITUTE SHEET (RULE 26) 



WO 95/17223 



PCT/US94/14604 





Fig. 5B 

SUBSTITUTE SHEET (RULE 26) 



WO 95/17223 



PCT/US94/14604 



3/4 



DIAMETER 




INFLATION PRESSURE 

Fig. 6 




40' 40 

Fig. 6 A 




40 ^ ^-'40 

Fig. 6B 




Fig. 6C 




Fig. 6D 



SUBSTITUTE SHEET (RULE 26) 



PCT/US94/14604 





SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Internar 1 Application No 

PCT/US 94/14604 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 A61M25/10 A61M29/02 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 A61M 



Documentation searched other than minimum documentation to the extent that such documents arc included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US, A, 5 250 070 (PARODI) 5 October 1993 

see the whole document 

US, A, 4 941 877 (M0NTAN0) 17 July 1990 



see claim 1; figure 1 

US, A, 4 983 167 (SAH0TA) 8 January 1991 

cited in the application 

see column 4, line 54 - line 58; figure 1 

WO, A, 93 17748 (GURBEL) 16 September 1993 
see the whole document 

-/— 



I, 8,10, 

II, 20, 
27,29,30 



1,2,8, 
10,12, 
13,20, 
21,27, 
29,31,32 



4,23 



1,20 



m 



Further documents are listed in the continuation of box C. 



|X j Patent family members are listed in annex. 



' Special categories of cited documents : 

'A" document defining the general state of the art which is not 

considered to be of particular relevance 
*E" earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O" document referring to an oral disclosure, use, exhibition or 
other means 

*P" document published prior to the international filing date but 
later than the priority date clamed 



*T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y* document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

*&' document member of the same patent family 



Date of the actual completion of the international search 



18 April 1995 



Date of mailing of the international search report 



27. ft. 95 



Name and mailing address of the ISA 

European Patent Office, P.B. 581 8 Patcntlaan 2 
NL - 2280 HV Rijswijk 
Tel. ( -r 31 -70) 340-2040, Tx. 3 1 65 1 epo nl, 
Fax: ( + 31-70) 340-3016 



Authorized officer 



Kousouretas, I 



Form PCT/1SA/210 {second sheet) (July 1992) 



page 1 of 2 





INTERNATIONAL SEARCH REPORT 


Interna' 1 Application No 

PCT/US 94/14604 


C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 0 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


US, A, 4 950 232 (RUZICKA) 21 August 1990 
see abstract; figure 1 




1,20 


P,X 


US, A, 5 308 356 (BLACKSHEAR) 3 May 1994 
see the whole document 




1-3,8, 
12,13, 
20-22, 
27,31,32 



Form PCT/tSA/310 (continuation of ncond theot) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Internal 1 Application No 

PCT/US 94/14604 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


US-A-5250070 


05-10-93 


NONE 






US-A-4941877 


17-07-90 


US-A- 


5041125 


20-08-91 


US-A-4983167 


08-01-91 


US-A- 

1 |C_A_ 

US-A- 


5019042 

M 47377 

^Jltf Off 

5090958 

JlUUJLl 


28-05-91 
15-09-92 
25-02-92 
03-11-92 


W0-A-9317748 


16-09-93 


US-A- 
CA-A- 
EP-A- 


5295959 
2131376 
0630274 


22-03-94 
16-09-93 
28-12-94 


! US-A-4950232 


21-08-90 


N0NE 






US-A-5308356 


03-05-94 


NONE 







J 



Form PCT/IS A/210 (patent family annex) (July 1993) 



